* Odds ratio was calculated using a generalized estimated equations model that accounted for neighborhood clustering and repeated household sampling using a nested correlation structure. † For the multivariate analysis.
INTRODUCTION
Diarrhea and respiratory illness are leading causes of child mortality globally. 1 In several small-scale studies, people who received focused intensive handwashing promotion interventions reported less diarrhea and respiratory disease compared with people who did not receive such an intervention. [2] [3] [4] [5] Largescale handwashing promotion interventions have the potential to markedly improve community health, but the intensive interpersonal communication used to promote handwashing in small-scale studies is prohibitively expensive when targeting populations with millions of people at risk. Evaluating whether large-scale handwashing promotion interventions that use mass media or other less labor-intensive approaches are effective in changing habits requires assessing the effect of these interventions on handwashing behavior. An important barrier to such evaluations is the paucity of evidence that any of the measures of handwashing behavior are a valid measure of habitual practice.
Asking people about their handwashing behavior consistently generates prevalence of handwashing practice that are much higher than observed behavior. [6] [7] [8] Directly observing handwashing behavior is intrusive, expensive, and generates higher prevalence of handwashing practices compared with when people do not know they are being observed. [9] [10] [11] [12] [13] Microbiological assessments of hand contamination are expensive and highly variable. [14] [15] [16] Proxy measures of handwashing (for example, the presence of soap or a place to wash hands) are easy to collect but are strongly associated with wealth, [17] [18] [19] and they may not be valid measures of actual behavior.
Several scientists have appreciated the importance of developing a valid, low-cost practical measure of handwashing behavior. The most common approach is to assume that structured observation provides a gold-standard assessment of handwashing behavior, and then researchers assess how well other indicators singly or in combination are associated with structured observation. 6, 7, 20, 21 This approach has failed to identify a valid, low-cost robust alternative to structured observation. Even when some measures are associated with structured observation, sensitivity and specificity are poor. 20 Moreover, because structured observation exaggerates actual handwashing practice, the relevance of proxy measures of structured observation is unclear.
We propose a fundamentally different approach to evaluating indicators of handwashing behavior. Rather than evaluating whether candidate indicators are associated with a not-so-golden standard, we propose evaluating whether candidate handwashing indicators are associated with improvement in child health. Previous researchers developed composite indices comprised of 3-39 indicators of household hygiene (the majority unrelated to handwashing) and assessed the associations of these indices with child diarrhea. 18, [22] [23] [24] The resulting hygiene indices were offered as a guide to frame behavior change interventions and as a tool to assess hygiene status and the impact of interventions.
In contrast to efforts to improve household hygiene along the many dimensions included in these composite indices, specific interventions to promote handwashing are based on the contention that handwashing is the key hygiene behavior to interrupt pathogen transmission and improve health. This contention is based on controlled trials of handwashing in several contexts that have shown marked improvements in objective measures of health, including reduced maternal mortality, 25 improved school attendance, 26 and reduced incidence of laboratory-confirmed vancomycin-resistant enterococci 27 and influenza infection, 28 as well as randomized controlled trials in low-income communities where handwashing promotion has been consistently associated with reduced reports of child illness. 2, 3 Because behavior change interventions that focus on a few specific behaviors are more effective than those changes that have numerous targets, 29 many current interventions focus on handwashing promotion rather than attempting to affect diverse aspects of household hygiene.
Different handwashing indicators assess different aspects of handwashing. There is considerable uncertainty regarding the most appropriate times and techniques to wash hands. [30] [31] [32] For example, is it so important for caregivers to wash hands after cleaning an infant who has defecated when the infant, who is the primary target of diarrhea prevention, has already been exposed to the organisms in his or her own feces? Similarly, respiratory illnesses cause higher childhood mortality than diarrhea, and the key times and handwashing techniques to interrupt respiratory pathogen transmission may differ from Abstract. We assessed which practical handwashing indicators were independently associated with reduced child diarrhea or respiratory disease. Fieldworkers collected 33 indicators of handwashing at baseline in 498 households in 50 villages in rural Bangladesh. Community monitors visited households monthly and asked standard questions about diarrhea and symptoms of respiratory illness among children under 5 years of age. In multivariate analysis, three handwashing indicators were independently associated with less child diarrhea-mothers reporting usually washing hands with soap before feeding a child, mothers using soap when asked to show how they usually washed their hands after defecation, and children having visibly clean finger pads. Two indicators were independently associated with fewer respiratory infections-mothers allowing their hands to air dry after the handwashing demonstration and the presence of water where the respondents usually wash hands after defecation. These rapid handwashing indicators should be considered for inclusion in handwashing assessments.
interrupting gastrointestinal pathogen transmission. With these uncertainties, it is unclear which specific handwashing behaviors are most appropriate to measure. Assessing the relationship between various handwashing indicators and health outcome permits identifying indicators associated with effective handwashing (that is, handwashing that improves child health).
To implement this evaluation, we reviewed baseline handwashing measures collected from control households from an evaluation of a large-scale handwashing, water supply, and sanitation intervention program in Bangladesh and evaluated the subsequent prevalence of childhood diarrhea and respiratory disease in these households over the next 2 years. Our objective was to identify handwashing indicators that were independently associated with reduced diarrhea and respiratory disease.
METHODS
Evaluation context. In 2007, the Government of Bangladesh Department of Public Health Engineering in collaboration with The United Nations Children's Fund (UNICEF) and with support from the Department for International Development (DFID) of the British Government launched a programSanitation, Hygiene Education, and Water Supply-Bangladesh (SHEWA-B)-which is among the largest inten sive handwashing, hygiene/sanitation, and water-quality improvement pro grams ever attempted in a low-income country. The inter vention initially targeted 19.6 million people in rural Bangladesh. To assess the program's impact, fieldworkers evaluated households' characteristics, practices, and illnesses in 50 randomly selected villages that served as non-intervention control households to compare with outcomes in communities receiving the SHEWA-B program. The selection of the study population and the procedures used for data collection have been reported previously, 8, 33 and therefore, we only summarize them here.
Study population. SHEWA-B targeted 68 sub-districts (upazilas) in 19 districts. We randomly selected 50 intervention communities. 33 For each SHEWA-B intervention upazila where a village was chosen for evaluation, we selected a control upazila that had similar geography, hydrogeology, infrastructure, agricultural productivity, and household construction and where the government confirmed that no other major water, sanitation, or hygiene programs were ongoing. We randomly selected villages for evaluation in the control areas. 33 Because the intervention was designed to affect both handwashing behavior and health, we included only households from control communities in this analysis.
Fieldworkers identified the household closest to the village center that had a child < 3 years of age and sought consent for participation. Fieldworkers looked for the next closest household with a child < 3 years of age. Fieldworkers repeated the process for enrolling additional households until 10 households in each selected village were enrolled for monthly disease surveillance.
Study personnel. Fieldworkers who administered the cross-sectional survey and observed the handwashing demonstrations were men and women with at least 14 years of formal education, most of whom had several years experience collecting survey data. All fieldworkers participated in 3 weeks of formal training on the data collection instruments. The training included classroom teaching, where each of the items was discussed in detail, and field testing, where teachers and supervisors observed and provided feedback.
Data collection. Cross-sectional survey. Fieldworkers conducted a baseline survey that included a structured interview and observational spot checks. The interview collected household demographics and composition, details of house construction, and possessions to measure wealth and included both open-and close-ended questions on handwashing behavior.
Fieldworkers asked the respondent to "show me where you usually wash your hands after you use the toilet." The fieldworker noted the location of the toilet and whether water and soap were available at the identified location.
Fieldworkers assessed hand cleanliness of mothers/caregivers of the youngest children of all sampled households and all available children under the age of 5 years. Fieldworkers inspected the fingernails, palm, and finger pads of both hands; they coded them as unclean if they saw any visible dirt and clean if they saw no visible dirt. If fieldworkers identified no dirt on the fingernail, palms, or finger pads of any of the children under age 5 years in the household, then we classified the household as a household where children's fingernail, palms, or finger pads were clean.
To minimize the variability among fieldworker's assessments, managers trained fieldworkers and their supervisors by using role-playing exercises. Fieldworkers then pre-tested all instruments in pilot communities and received feedback from peers and supervisors before collecting any data for the evaluation.
Handwashing demonstrations. Fieldworkers asked one person in each household to show how they usually washed their hands after defecation. If the household had a child between ages 3 and 5 and the child was willing, the child showed his/ her normal handwashing. If there was no child in this age group or if the child refused, then the fieldworker requested that the mother show her normal handwashing behavior after defecation. For this analysis, we only analyzed observations from mothers' handwashing demonstrations and ignored households where we had data on child's demonstrated handwashing but not the mothers. The fieldworker noted whether the mother used soap or other handwashing materials, whether she washed one or both hands, and how she dried her hands.
Monthly surveillance. Fieldworkers recruited one female resident who had at least 10 years of formal education and lived in or near the village enrolled in the evaluation to visit participating households monthly and administer a brief questionnaire. These community monitors participated in a formal training program to learn how to administer the questionnaire. The initial 3-day training included 2 days of classroom instruction with role playing followed by 1 day of field testing. After 12 months, the community monitors participated in a 1-day refresher training session. During each monthly visit, community monitors asked whether the child had diarrhea, fever, cough, or difficulty breathing during the preceding 2 days. This surveillance continued for 24 months after the baseline survey. We included households in the analysis who participated both in the baseline survey and the monthly surveillance.
Data analysis. Variable definitions.
We assessed all 33 handwashing indicators that were included in the baseline crosssectional survey. We used principal component analysis of household assets to evaluate household wealth. 34 We excluded hygiene and sanitary infrastructure from the wealth index, because we wanted to analyze the impact of wealth independent of the specific facilities that might contribute to handwashing. We classified children as having diarrhea if the caregiver reported that the child had three or more loose stools (the Bengali phrase patla paykhana ) within the last 2 days. We classified children as having an acute respiratory illness if their caregiver reported they had either cough and fever or difficulty breathing and fever within the last 2 days.
Bivariate analysis. We calculated odds ratios to evaluate the association between the exposure variables-household characteristics and handwashing indicators-and outcome variables-diarrhea and acute respiratory infection. To account for the repeated observations for the outcomes in single households and the clustering of observations in villages, we used generalized estimated equations to calculate these adjusted odds ratios and 95% confidence intervals. 35 Multivariate analysis. We developed multivariate models for handwashing indicators included in the baseline survey. Because fieldworkers collected handwashing demonstration data from mothers in only a subset of households, we developed separate multivariate models for handwashing indicators included as part of the handwashing demonstrations. We also constructed separate multivariate models for diarrhea as an outcome and acute respiratory illness as an outcome. For each multivariate model, we began with an initial bivariate model with the handwashing indicator that had the strongest association and the outcome variable (i.e., diarrhea or acute respiratory illness). We then added additional handwashing indicators that were associated with the outcome on bivariate analysis with a P value < 0.05. We retained variables if they both significantly improved fit ( P < 0.05) of the model and were independently associated with the outcome variable ( P < 0.05). We next added potential confounders to the model in order of the strength of association of these variables on bivariate analysis. The final multivariate model retained all those variables that both significantly improved fit of the model ( P < 0.05) and were independently associated with diarrhea ( P < 0.05).
We used a nested correlation structure for all general estimated equations analyses to account for, at the first level, the clustering of measures within the same village and at the second level, the repeated observations within households. For the majority of households that had only one child under the age of 5 years, the second-level clustering captured the repeated measurements of that single child. In those households where there were multiple children, the second level of clustering captured the repeated measurements of all children within the household as well as the intrahousehold transmission between these children. We used SAS for Windows (PROC GENMOD) Version 9.1 (SAS Institute, Cary, NC) for the generalized estimated equations modeling.
Ethics. All households provided written informed consent. The plan for the evaluation was reviewed by UNICEF and the Government of Bangladesh Department of Public Health Engineering. Because the primary purpose of the evaluation was evaluating the government program and not producing generalizable scientific information, the evaluation plan was not reviewed by a human subjects research committee. 32 
RESULTS
The evaluation team completed baseline surveys and enrolled 500 households who had children under the age of 3 years in monthly surveillance; 498 households participated in at least the first 3 months of surveillance. These 498 households were the primary focus of the analysis and are referred to as the followed households. In 360 of the followed households, the mother (rather than a child) showed her normal handwashing behavior after defecation.
At enrollment in 2007, the followed households had a mean of 5.4 residents ( Table 1 ) ; 35% of the fathers and 27% of the mothers lacked formal education. Their primary source of drinking water was a shallow tube well (80%); 50% owned a toilet; 23% owned a mobile phone. Fifty percent of households had an electrical connection. The characteristics of the 360 households where the mother showed her handwashing behavior were similar to the 138 households where mothers did not show their handwashing practices, although the mothers who demonstrated handwashing had slightly smaller households ( Table 1 ) .
The mean age of the 540 children under the age of 5 years present in the household at enrollment was 18.5 months. Eighty-three children were born into households under surveillance; another 11 children moved into surveillance households. Five children aged out; 19 children moved out, and 5 children died. The mean age of children at 24 months of follow-up was 37.5 months. Among 14,105 potential follow-up monthly child assessments, the community monitors completed 13,932 (99%).
Diarrhea. During 24 months of follow-up, the mean proportion of children with diarrhea during the monthly follow-up was 10.0%. In the bivariate analysis, children who lived in wealthier households, who were over the age of 2 years, and whose father had more than 7 years of education had less diarrhea ( Table 2 ). The prevalence of diarrhea was lower in the second year of surveillance (7.6%) than in the first year (12.6%).
Three handwashing indicators were significantly associated with reduced subsequent child diarrhea in the bivariate analysis ( Table 2 ) . Children who lived in households whose mother, when asked the open-ended question, "when do you usually wash your hands with soap?," replied without prompting "before feeding a child" had less diarrhea than children whose mother did not mention washing hands before feeding a child. Children who lived in households where fieldworkers judged the finger pads of all the evaluated children as clean subsequently experienced significantly less diarrhea compared with children living in households where at least one child's finger pads had visible dirt. Among the subset of households where mothers participated in the demonstration of their usual handwashing practices after defecation, children who lived in households where mothers washed their hands with soap during the handwashing demonstration subsequently had significantly less diarrhea compared with children living in households where mothers did not wash with soap during the demonstration. There was no association between any closed-ended handwashing question, the frequency of reported soap purchase, or the presence of soap or water at the most convenient place to wash hands and subsequent child diarrhea.
The three handwashing indicators that were significantly associated with subsequent child diarrhea on bivariate analysis had nearly identical odds ratios and remained significantly associated with subsequent child diarrhea on multivariate analysis ( Table 3 ) .
Acute respiratory infections. During 24 months of follow-up, the mean proportion of children with acute respiratory infection during the monthly follow-up was 13.2%. In the bivariate analysis, children whose father or mother had more than 7 years of education, who lived in wealthier households, whose household owned a mobile phone, who were female, and who were over the age of 2 years had less acute respiratory infection ( Table 4 ). The prevalence of acute respiratory infection was lower in the second year of surveillance (9.3%) than in the first year (17.3%).
Two handwashing indicators were significantly associated with less subsequent acute respiratory infection in the bivariate analysis ( Table 4 ) . Children who lived in households where water was present at the most convenient place to wash hands had less acute respiratory infection than children who lived in households where water was absent at the most convenient place to wash hands. Among the subset of households where mothers participated in the demonstration of their usual handwashing practices after defecation, children who lived in households where mothers air-dried their hands had significantly less acute respiratory infection compared with children living in households where mothers dried their hands on their clothing. There was no association between any handwashing question, the frequency of reported soap purchase, or the presence of soap at the most convenient place to wash hands and subsequent child acute respiratory infection.
The two handwashing indicators significantly associated with subsequent child acute respiratory infection on bivariate analysis had nearly identical odds ratios and remained significantly associated with subsequent child acute respiratory infection on multivariate analysis ( Table 5 ) .
DISCUSSION
This analysis identified a set of five rapid, easy to collect handwashing indicators that were independently associated with less diarrhea or fewer respiratory infections among Several lines of evidence suggest that these indicators are a valid measure of handwashing practice. Controlled trials of handwashing promotion have consistently concluded that handwashing promotion reduces the incidence of caregiverreported child diarrhea 2 and respiratory disease. 3, 36, 37 These trials are consistent with hospital-and school-based prospective trials that have shown that handwashing promotion reduces objective assessments of disease. [25] [26] [27] [28] A causal relationship between these identified handwashing indicators and disease is consistent with proposed biological mechanisms of how handwashing interrupts pathogen transmission. Rural Bangladeshis eat food directly with their hands. Finger pads that are visibly dirty suggest the presence of foreign organic material on the part of a hand that directly contacts food and water. The visible dirt is both an indicator of environmental contamination and provides a microenvironment for the survival of bacteria, including pathogens. Handwashing with soap removes microorganisms from hands, and therefore, it can remove pathogens before they contaminate water and food or are directly ingested.
After defecation, residents of rural Bangladesh most commonly splash water on their anus using their left hand to rinse away adhering external anal and perianal feces. Hands contaminated with feces are an efficient pathway for transmission of enteric pathogens to food, water, and others' hands. In a separate analysis of a subgroup of SHEWA-B control households who were observed during 5 hours of structured observation at baseline, children living in households where fieldworkers observed residents wash their hands with soap after defecation had less diarrhea than children living in households where persons did not wash their hands after defecation. 32 In the present analysis, when mothers were asked to show how they usually washed hands after defecation (a much easier indicator to collect than 5 hours of structured observation), children who lived in households where mothers washed their hands with soap had less diarrhea than children in households where mothers did not use soap. We know that the handwashing behavior that the mother showed at the fieldworker's request does not precisely replicate her everyday practice. Although 66% of mothers used soap for washing their hands in the handwashing demonstration, during 5-hour structured observation, only 34% of adult caregivers washed both hands with soap after defecation. 8 Nevertheless, the handwashing demonstration apparently identified a group of mothers who better understood the value of handwashing with soap and likely practiced it more commonly than mothers who, even during the demonstration, did not use soap. Mothers in rural Bangladesh feed their children directly with their hands, hands that often reflect the high level of fecal contamination in the environment. 16 In our previously published analysis of prolonged structured observation of 1,000 households across rural Bangladesh, only 1% of adult caregivers were observed to wash their hands with soap before feeding a child. 8 In the present analysis, when mothers were asked when they usually washed their hands with soap, 3.9% of mothers reported washing their hands with soap before feeding a child, and these children had less diarrhea in the subsequent 2 years compared with the children living with the 96% of mothers who did not mention handwashing with soap before feeding a child. Again, the indicator seems to overreport actual behavior; however, it also seems to identify a subset of mothers who at least occasionally remove pathogens from their hands by washing them with soap before feeding their children.
Many respiratory pathogens are transmitted through saliva and fomites. 38, 39 Handwashing can remove saliva and its associated pathogens from hands and therefore, reduce the risk for respiratory pathogen transmission. A number of studies on human behavior note the importance of an environment that is conducive to supporting desirable behavior. 40 An earlier analysis of the 5-hour structured observation in rural Bangladeshi households confirmed that persons living in households that had water available at the handwashing station were more likely to wash their hands with soap and water compared with persons living in households where water was not conveniently available. 33 The findings in the present analysis (that the children living in households where water was present at the most convenient place to wash hands experienced less respiratory infections compared with children living in households where water was absent) are consistent with the observation that hand hygiene can reduce respiratory disease transmission 41 and separate data from urban Bangladesh that also found fewer respiratory infections among children living in households where water was available at the most convenient place to wash hands. 17 Rural Bangladeshi residents live in an environment with considerable mud, dirt, and environmental contamination, and therefore, their clothing becomes contaminated with organic matter and microbiological flora from the environment. In one study of structured observation in 80 Bangladeshi households, fieldworkers observed an average of one episode where a household resident coughed or sneezed into their clothing per every 3-hour visit. 42 Pathogens that commonly cause child respiratory illnesses typically survive on cloth for a few hours to several days. 39, 43 In the present analysis, children living in households where mothers allowed their hands to air dry as part of the handwashing demonstration had fewer subsequent respiratory infections compared with children living in households where mothers dried their hands on their clothes. Air drying would reduce the risk of reinoculating hands with pathogens on clothing.
Although there are credible biological mechanisms linking these handwashing indicators to child diarrhea and respiratory illness, it remains possible that this relationship is not causal. Measures of handwashing are associated with wealth and education. [17] [18] [19] Increased wealth and education are strongly associated with less childhood illness. 44, 45 Thus, these indicators could be associated with better child health because of their association with wealth and education and not because of actually reflecting an independent contribution of handwashing to improved child health. More educated households where mothers are more hygiene-aware may engage in a number of practices other than handwashing with soap that reduce childhood risk for respiratory and diarrheal disease.
However, there are difficulties in ascribing these associations to confounding. There was no evidence of confounding in the multivariate analysis. The measured associations of these indicators were unchanged between the bivariate and multivariate analyses, which accounted for maternal education and a number of other strong associations between household and child characteristics in diarrhea and respiratory disease. None of the many measures of wealth, when placed in the model, improved overall fit and were significantly associated with the outcome. Moreover, if the association between handwashing indicators and child diarrhea and respiratory disease were primarily a result of confounding by socioeconomic status, we would expect to see a consistent association across most indicators of handwashing, especially those indicators reflecting messages most frequently stressed in handwashing promotion interventions (for example, handwashing after defecation or cleaning a child who defecated) or those times closely linked to social acceptability (for example, handwashing before eating). However, the data did not show this pattern.
A second non-causal explanation of the observed relationship between these handwashing indicators and child diarrhea and respiratory infection is that the associations occurred by chance. This analysis is an exploratory analysis of data collected within a program evaluation. We evaluated 33 separate handwashing indicators and evaluated their association with two different health outcomes. By chance, we would expect three indicators to be associated with a P value ≤ 0.05. Although chance is a plausible explanation for the association of finger pad contamination with child diarrhea ( P = 0.04) and the association of water present at the most convenient place to wash hands with child respiratory infection ( P = 0.04), three of the associations were so highly statistically significant that random association is an implausible explanation. These associations include mothers responding that they usually wash hands with soap before feeding their child in an open-ended question ( P = 0.003), mothers using soap in the handwashing demonstration with child diarrhea ( P < 0.001), and mothers air-drying hands after the handwashing demonstration with childhood respiratory infection ( P < 0.001). In addition, as outlined above, each of these associations has a sound biological basis. There is also evidence external to this analysis that identifies some of the same indicators. In a separate study in an urban setting in Bangladesh, the presence of water at the most convenient place to wash hands was associated with a lower level of childhood respiratory illness after accounting for measures of socioeconomic status. 17 In an earlier analysis of baseline data from both intervention and control households in the SHEWA-B evaluation, the presence of visible dirt on either the palm or finger pads was associated with the presence of water at the most convenient place to wash hands. 8 This finding again suggests that there is a physical basis for the association between the handwashing indicator visible dirt and the regular practice of handwashing, and therefore, there is a plausible link between the indicator and child health.
The handwashing indicators associated with a reduced prevalence of diarrhea were different than the indicators associated with a reduced prevalence of respiratory infection. Different indicators of handwashing are likely associated with different handwashing behaviors, including use of different handwashing agents (e.g., water alone, ash, or soap) and use in different circumstances (e.g., after defecation, after returning home from the market, or before preparing food). Different handwashing behaviors, in turn, may differentially interrupt respiratory pathogens compared with diarrheal pathogen transmission. For example, handwashing with soap after defecation may be quite effective in interrupting gastrointestinal pathogen transmission but have little effect on interrupting respiratory pathogen transmission.
There are important limitations to the conclusions that can be drawn from this analysis. Because this evaluation was conducted in rural Bangladesh, the observations, questions, and their response may reflect the physical and cultural environment for handwashing and infectious disease transmission specific to rural Bangladesh. These indicators may perform quite differently in other contexts. However, the data were collected from households located in 50 villages, 43 subdistricts, and 26 districts across rural Bangladesh where diarrhea and respiratory disease are common major health problems, and therefore, these results are representative of a large at-risk population. The most meaningful assessment of whether the associations in this analysis identified robust indicators of effective handwashing behavior or resulted from either chance or factors that were unique to these assessment households in this particular time is to conduct similar evaluations in other settings.
A second limitation is that the list of handwashing indicators was not optimized for indicators to prevent respiratory disease transmission. There may be other indicators that would better capture handwashing during the critical times for respiratory disease transmission. 42 Standardizing assessment of the presence of dirt on finger pads or palms is difficult. There is a risk that some evaluators would subjectively judge hands to be less dirty in households with higher socioeconomic status. However, fieldworkers received formal training, including fieldwork to align assessments, and supervisors reevaluated assessments in a subset of households. Moreover, the association between visible dirt on palms and child diarrhea was independent of measures of socioeconomic status in the multivariate analysis.
Although some of these indicators were associated with subsequent child diarrhea, they may perform differently in the context of a handwashing promotion intervention designed to change the attitudes and practice of the community to handwashing. Indeed, with more promotion of handwashing, more courtesy bias would be expected. This finding would not affect the relationships identified within this evaluation, because none of the study communities received handwashing promotion interventions; however, it may affect the validity if these indicators are used to evaluate handwashing promotion interventions.
This analysis implemented an alternative approach to assess the validity of handwashing indicators. It escapes the circular logic of comparing various imperfect indicators with each other by directly comparing indicators with child health outcomes. By using this approach, we identified five rapid handwashing indicators in rural Bangladesh that were subsequently associated with child diarrhea or respiratory illness. We recommend additional assessments of handwashing indicators using this approach in various settings to work to a robust set of meaningful handwashing indicators that can be readily implemented as part of national demographic surveys and program evaluations. In the meantime, we offer these indicators as the rapid handwashing indicators that have the best evidence base for inclusion in rapid handwashing assessments.
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